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Abstract 
Within the Aktifas project, a road map is being developed for research and development of façade-integrated solar thermal 
systems. The road map is based on an analysis of the barriers for façade-integrated solar thermal systems as well as a market 
overview of existing components. This paper presents the methodology for creating the road map as well as first results. The final 
road map will be published on http://bit.ly/Z0hkso at the beginning of 2015. 
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1. Introduction 
Building-integrated solar thermal systems (BIST) can offer cost savings compared to a conventional building skin 
and additional solar thermal collectors, because less material is needed and only one installation process has to be 
paid. However, BIST components have not penetrated the market deeply yet. Within the Aktifas project, the barriers 
to this market penetration were analysed [1]. The current availability of BIST components was also analysed [2]. 
This paper first presents the methodology used to develop the road map for BIST research. Second, the first research 
topics identified with the help of this road map are presented as a basis for discussion.  
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2. Methodology 
First of all, a workshop was organised with people from different countries who have experience in the field of 
façade-integrated solar thermal systems. This aimed to expand the list of ideas which already existed in previous 
road maps such as that from the “Deutsche Solarthermie-Technologieplattform (DSTTP)” [3] and the “Solar Heating 
and Cooling Technology Road Map” of the RHC Platform [4]. In [3], the chapter about solar collectors identifies the 
architectural and technical integration of collectors into the building envelope as one of the major research and 
development topics. The authors of [4] claim that despite decreasing annually installed capacities, the potential for 
solar thermal technologies is still high. It identifies the Solar-Active House as one of three strategically important 
pathways for solar thermal progress. This also includes the integration of collectors into the building envelope with 
the development of advanced designs for collector arrays, their installation and simple design tools. 
As the next step, the design parameter space was defined by the authors. Design parameters, in this case, are all 
quantities which can be used to describe a BIST system. As a result, all possible BIST designs lie within this 
parameter space.  
The next step in developing research topics for the road map is to analyse a large number of locations within this 
parameter space. For instance, if one parameter is transparency and another parameter is absorptance, then venetian 
blinds with a collector function could be a possible research topic at that location within the parameter space. To 
generate the research topics for the road map, the authors aim to analyse all important regions of the parameter space 
for possible future research projects.  
All ideas for research topics need to be evaluated concerning their suitability for R&D projects. For this 
evaluation, the criteria are defined in section 4. 
Finally, the recommended research topics need a chronological order. This will be prepared when the list of 
research topics is complete and the duration to reach the targets has been estimated. The chronological order is then 
based on the dependencies between the different research topics. This order will also highlight key topics which 
have to be pursued to prevent delay to a large number of consecutive research topics.  
3. The design parameter space 
The design parameters are numerous. This paper presents only the physical and the technical parameters in order 
to illustrate the concept. For better readability, not all possible subcases are listed here.  
3.1. Physical parameters 
The solar radiation is one of seven physical parameters and has as subcases the spectrum, the spatial distribution, 
the polarisation, the albedo of the surroundings and the shadows. Especially for the façade, the properties of shading 
can influence the performance of the collector. Shading is more critical than on roofs. The second physical parameter 
is optical properties, including transmittance and absorptance. For special collectors with complex geometries (e.g. 
semi-transparent), these properties need to be simulated in order to obtain information about the performance of the 
collector and also daylighting issues. In general one must consider even cases in which the transmittance and 
absorptance may be switchable. The third physical parameter is heat transfer with the subcases of heat transfer to the 
heat transfer medium, to the building interior and to the exterior environment, each via convective, radiative and/or 
conductive heat transfer, which in the general case may be switchable. For regular collectors installed on the 
building skin and separated from it by a ventilated gap, one might neglect the heat transfer to the building. The 
situation is different when the collector is integrated into the wall structure. Heat losses of the collector can be lower 
due to a higher temperature than ambient at the rear of the collector and for the building this means reduced heat 
losses in winter due to a heated wall. The fourth physical parameter is hydraulics. In order to reach a homogeneous 
flow distribution throughout the whole system, balancing of the pressure may be needed (due to different sizes of 
collectors) and in principle, various heat transfer media are possible. Stagnation conditions must be handled safely. 
Vapour transfer is the fifth physical parameter and an important one for BIST. One must consider the absorber or the 
glazing as an external vapour barrier. Usually the vapour moves within the wall from the warmer interior to the 
cooler exterior of the building. This relation can be reversed by a hot integrated absorber as the outer layer of the 
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wall. Degradation is the sixth physical parameter; the fluid, the absorber surface and the frame can be affected as 
well as the hydraulics by thermal expansion and corrosion. The seventh physical parameter is the possible 
combination with photovoltaics, which introduces many more physical phenomena.  
3.2. Technical parameters 
Many technical choices are to be made: between opaque and transparent collectors, usage of heat pipes, flat-plate 
or vacuum tube collectors, stationary or movable. The cover glass may be structured, coated or not used at all. The 
absorber can  have any form between structured and extremely flat. A large variety of absorber materials is possible. 
The heat transfer medium may flow over the entire absorber area or can be guided by pipes. Several different 
welding technologies are possible as well as roll-bonding and extrusion. A range of absorber coatings is available. 
The outer form is often rectangular but may take any given shape. 
BIST can be implemented in a large variety of façades, from cultural heritage façades to curtain walls. BIST can 
also support different types of usage – from domestic hot water (DHW) through heating to dehumidification and 
sorption cooling – as well as being integrated into different buildings – from residential, hotels and office buildings 
to industrial buildings like breweries. 
3.3. Non-technical issues 
We also collected information on non-technical barriers and tried to find the best solutions to these problems. 
This field contains the advantages of prefabrication and integration into the building process, legal issues, 
certification, education, software development and simulation, possible business models and economic scenarios of 
the whole renewable and building market as well as social and psychological issues in the selling process. 
4. Evaluation space 
To prioritize the research topics, we defined an evaluation space and discussed future research and development 
referring to these points. In IEA SHC Task 41, a catalogue of products for building-integrated solar technologies 
(including PV and PVT) has been compiled (http://leso2.epfl.ch/solar/index.php). It was mostly the architectural 
integration quality that was assessed. Task 41 evaluated the following points: 
• Multifunctional element 
• Flexibility of shape & size  
• Glazing: surface texture choice 
• Absorber: surface texture choice 
• Absorber: colour choice 
• Connection options 
• Availability of dummies 
• Complete construction system 
 
Each of these points was rated with a “+”, “-” or “+/-” (neutral). For our approach, we simplified the architectural 
integration and came up with the following parameters after discussions and workshops with professionals and 
scientists: 
• Functionality 
• Aesthetics 
• Ecological aspects 
• Economics 
• Availability/Feasibility 
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5. First results of future BIST research topics 
In our analysis and the discussions during the workshop we found that most professionals claim to be able to 
solve the technical problems. So it is not surprising that issues related to non-technical research and development 
were rated as important topics for the future. Rating the economic aspects of individual parts of an integrated solar 
thermal system, we noticed that an improvement of single components (e.g. glazing, absorber, …) might have a 
limited potential to reduce the price of the collector. Taking into account that products combining mass production 
and a high degree of flexibility will attract more architects and tradespeople, we expect that mainly holistic 
approaches to the technical obstacles will also lead to economic success. These must also include the building 
process and issues related to maintenance. The following list shows the ideas that we consider most important: 
 
The first research topic proposed is to connect existing BIST knowledge and make it available for everyone. This 
means not only an open-access web portal, but also different ways to present the topics, for instance, to a plumber, 
an architect, a building owner, a student, a financer and so on. During the assessment of the barriers to BIST, a lack 
of knowledge was evident. It could be feasible with a limited budget to open the knowledge of experienced 
researchers in this field to newcomers. For this idea, the authors reserved the domain www.building-integrated-solar-
thermal.com. 
One difficulty for newcomers is a rough estimate at an early stage. A free tool to estimate all relevant numbers 
could help a lot and build on already existing tools. 
A number of research projects did not succeed in bringing their demonstrators into the market. It therefore seems 
reasonable to evaluate several unsuccessful and successful cases in order to identify the problems and possible 
solutions. 
If it were possible to build BIST without the typical visual impact of large dark collector areas, architects would 
gain more freedom to design the building skin. Such solutions should be adjustable to the design of the architect, 
provide high efficiency and use mass production for competitive prices. 
Many high-rise buildings today have a double-skin façade, with venetian blinds between both skins. In summer, 
these blinds reach high temperatures which leads to heat gains of the building interior. It would be very useful if the 
solar energy could be extracted from the blinds to support the building services. 
On a long-term view, an ideal façade should provide good visual contact to the exterior whenever this is desired. 
It should transmit as much light as is needed within the building, absorb all other radiation and provide it as useful 
energy. 
On a broader perspective, there are several options to reduce the carbon footprint of buildings. Most likely there is 
not just one technology which fits best to all global applications. It would be interesting and helpful to know under 
which conditions which building-integrated solar systems (BISS) deliver the best results. 
In order to give an answer to that question a broad simulation study with actually all building types and 
parameters like location and orientation will be required. Since the architectural structure of today’s building stocks 
varies strongly, the building physics of the different buildings from different eras should also be considered.  
 
More examples of technical developments are listed below: 
Concentrator optics have already been used in a vacuum tube façade collector [2]. In general, the performance of 
such collectors depends on the geometry of the reflector, the location of the building and its orientation. These 
geometries need to be calculated for different types of collectors. New inexpensive and also easily customizable 
materials for the underling structure holding the reflector can be a promising development in this specific niche of 
solar thermal collectors.  
Especially for the large amount of existing buildings in Europe, prefabricated renovation kits that have integrated 
collectors can be an option. For these solutions new software tools are required that optimize the hydraulic 
interconnection of the different façade elements and the position of the absorber within the element or the 
distribution over the façade. This should also take shading from other buildings into account.  
Today many exterior insulation and finishing systems (EIFS) are installed that cannot withstand the high 
temperatures of highly selective absorbers behind a glazing. One solution for this problem could be collector designs 
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with a moderate maximum temperature of the absorber. Such designs could also use inexpensive materials like 
polymers.  
6. Conclusions 
This paper explained the methodology used to define a road map for the research and development of façade-
integrated solar thermal systems. A design parameter space was defined and thoroughly discussed in order to 
identify research topics which are promising regarding five evaluation criteria. The last section presented the first 
results of the road map which were generated with the described methodology. 
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